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{57) Abstract 

A prostaglandin EP4 receptor agonist containing as the active ingredient a prostaglandin I2 derivative. This compound binds strongly 
to prostaglandin EP4 receptor, which makes it useful as a pharmacological tool for clarifying physiological functions mediated by 
prostaglandin EP4 receptor or as a drug to be used in preventing/treating diseases in which prostaglandin EP4 receptor participates. 



♦ 

V E p 4 ^mm')Fmm\zm^^o ^mM(Dit^mty^:^ ^ v > e p 4 ^ 
mmz^<^^^^tz}fy> rP7.^y^vi?>EP4^^'f$:^irhi-^^@{^M© 



AE r^-^n^mn dm k5:=.* 

AG T.^^H^T'^^—'f—^ D2 T/^i^iyr 

AL T/t'X<=r EE Ki^r 

AM TA'^ r:T E S J^'^W' V 

AT ;^hyr fi ^-t^^^^'K 

Au -t—Ts h^vr FR y9>p^ 

A 2 T-t^/v^W i?ir> GA ;Ef7K>' 

BA dix^r ' ^A'*>*=^tr-^ gb 

B B K-X G D W-^-y 

BE ^/l^jJIf— GE ifJf^'JT 

BF f^^^-t-Vry GH ^f— 

BG -fA'ifVT GM ;S^Virr 

BJ ^-^-V GN :^=.r 

BR 'f'pl^A' GR ^V-y^ 

BY GW r • ir-tJ-:^ 

CA HR ^UT'^-T 

CF «*»^^T7y;& HU 

CG =i>:f— I D VK^C/X 

OH J^^^ IE T^A'^i^K 

CI 3— ^'1?3KT— A' IL -<^73./!^ 

CM -fs^f^'^ I N VK 

CN IS r-^J^^l^K 

CR ^7.9 • y* I T >r^^ yr 

cu ^< J p 0* 

CY ^tTdji ke 

CZ ^rcys KG 

DE K-f 5^ KP ftfflK 

DK v^V-?-— ^ KR 



K2 ^-tf^X^r^- RU 

LC . -fci^ h/^'>T SD 

LI y tT^i^v'a.^^':^ SE 

LK • sg 

LR y-«yr si 

LS UVK SK 

LT y hr— r sl 

Lu SN 

LV *>y^^T sz 

MA -tD^rsj TD 

MC -t-J-a TG 

MD ^A-h'^T TJ 

MG ^^tl7.i3A^ TM 

MK K::^TIB3.— z^j^^f/^x TR 

TT 

ML -^y TZ 

MN ^VsTA^ UA 

MR •^y^'::^?' UG 

MW ^7^^ US 

MX UZ 

MZ e-tP:^if— ^ VN 

NE =.v?»— /U YU 

NL sf^^'^^ 2A 

NO A^'^a:— 2W 

N 2 =.3.— • C?— K 

PL i«-7>K 

PT ^^A^hi/A^ 

RO .A-— ^=^r 



->:^;tf3}f— A^ 

hy K- hX=/ 

mr^ y*^6iffl 



wo 00/54808 




PCT/JPOO/01556 - - 



^WMity" n ^» ^ ^ V i;? V E P 4 ^^^f^ffll^JcKi" 5 h OT?$> . r o 7. 

T. P GE2 tnr-t) li^SiRSSfP^. WK4>iiJ«i©If^ffl. Hftfei^^M^^x 

^^<^lc*S-g-r5ci:lci:«9. B^-tSC i:;4«B^iDA=»i:;^jjofc«, PGE 
2©iS-&-r5^^^$i*4o(^>^^{*-9-r3''r7'lC:J)'^-r5Ci:;>s-e#. EPl, E 
P2. EPS. E P 4^^^^fc1f^^^S^^L-CV^5CColeIBan,R.A. et al. .Pharmacol 
.Rev., 46, 205-229(1994)]. ^fc. ^tl^tlCO^^^^-^y^-fyit^t^-ofz^mi^ 

c:cD9*»EP4^^mi'M, WK. ATM. MW. #^tifc7>il§|[^#«EL 

c*x^-e*n^liTV>5EP4^W^lcijsS^-r:5Yfc-&^v -rtj:t>tb. EP4S^ 
10-265454i::|g^^tL5 3.7- i^^rr SI^^IB#-^®9855468-^ 



wo 00/54808 



PCT/JP00/01S56 - - 



I*. 7^ n 7. ^ ^ ^ V V 1 2 mmW^^M^'^ i: -r 5 r n 7. 5^ ^' ^ V V 

mwfi^m^^ibtL. m\zn^L< it. -m.^ (i ) 



(A) COOR' ,::c-eRn*. 

2 ) 1-12 (^)i:iKT;L'=3f;u^y-i^^^^ 3-14 (D^t^rJl^^Jl' 

3) -Z-R' 

^^V-e$)«9^ 1 1*1-6 (^^^^^U. R='l*jg^^^3~l 20v^^nT;i^:af;U 
^/cl*R^CD l~3^-ea!^^ix/c^^gc3~ 1 2<DM^i^^nT;i^^;b-e$>«9, 
R* 1 - 5 t;u^;u. 




PCT/JPO0/015S6 - - 



WO 00/54808 



4) - (CHaCHaO) „CH3 

5) -Z-Ar' 

y^)v. 2-tryi^;i^. 3-tryi;?;K 4-tryi?;u. a-7y;p. ^-7y;u 

=hPx i^Ty> 3*h=3fC/x 7a:— yx.J^iy. p-T-fehT^F 
^VXTiK. -CH = N-NH-C ( = 0) -NHa . -NH-C ( = 0) - 
Ph. -NH-C ( = 0) -CH3^fcl*-NH-C ( = 0) -NH^-CfeS 'bO!) 
) . 

6) -C.H2tCOOR* 

7) -CxHjtN (R*) 2 

8) -CH (R") -C ( = 0) -R" 

9) -CpH2p-W-R' 

CC-C. Wl*-CH = CH-. -CH = CR'-S/cl*, -CHC-T? 

1 0) -CH (CHzOR*) 2 

(B) -CH2OH 

(C) -C ( = 0) N (R^) 2 



wo 00/54808 



PCT/JP00/01SS6 - 



ji^TJi^^i^^. fi^7:i:=.;u (cc-eg^Si*JifB (A) 5) o)m^ 

(cc-eMms«±fB (A) 5) (om^tmm) . jg^^lST- 1 20!)t^;u 

(D) -CH2OTHP (THPl*7"h^h:KPtr7=";U«) "efc«9. 
Al*. 

1 ) - (CH2) »- 

2) -CH = CH-CH2- 
3 ) -CH2-CH = CH- 

4) -CH2-O-CH2- 

5) -CH=CH- 

6) -0-CH2-^fcl* 

7) -CHC--e$>«7. 

-X-C (R^') (R'^) OR'" 

. ^mmi--i 4<7)T>';u, mm^s^i som^i )\,^ T^h^t Ki=itr=7-;i^ 

1) -CH2-CH2- 

2) -CH = CH- 

3) -CHC--e$>«9. 
R*n*. 

1 ) 1-12 (^ii:^T;u#;i-. j^^^3 ~ 1 4 o!>^ifeT;p#;psfc 



wo 00/54808 PCT/JPOO/01556 



2) -Z-Ar* 

3) -C.HatOR'" 

CT? c t H 2 1 ^*l^gB^^^c i; ^ R ' * i*fl5^|gt i ~ 6 (ommTJi^^ji' 

4) -Z-R^* 

cc-^z. Rn*wiaj£#ici^i:j. sfctt. 

5) -C.H2t-CH = C (R^**) R'* 

6) — C u H 2 u — C ^ C — R ^ ^ 

c CT- u 1 ~ 7 <^)^s-e$> «9 . c „ H 2 « \-mM * l*^i^T;i^=3f U V 
-^«*5L. R''i*jg?^g(i-6iDEtST;u=3e;i^$-«*^u> 

(cc-^Rn*m^^ici^i;) ^-^j^t. 

— ^^l*d>«:. l#:^fct*dl#:$'*t>-r] 

5 



wo 00/54808 



(^TSV^v TV^=-»!7Aig. $)SV^^*i^*ttT^ y^^^;5^^lf 

n ;^ ^ v V V E P 4 ^^<$f^^|^l± . 7* d ^/'^ :^ V E P 

ff^ Vi> V E P 4 ^^<*:;5«PI#i- 5m<7)^l»* fclir^^jcM V ^ 5 1: L T 
€i*-C=frffl-efe5o o^«9 7'07>^?'/^Vi^vEP4^^-f^l*iM. "^JB. ffFM 

^vi^vE p 4^^mw*g-g-t5^b'^^i*. ^M<i>mmo>-m.m>^m'^i^\-i^ 

B&Syttt^SEt^^UT'fi-^-e^)^, S/c^^l^ffiV^■r3^^y^^^=7 Vi? VE P 4 

i-5cj;*,-e#5;i>\ js^ipj. ^^^s. ^^ifii. i^sifl, mmmin^ 

1 B 0 . 0 0 0 Img- 1 g. L< 1*0. 0 0 1mg~5 0 

p G E s^^^^-tf-r^i -< T^^m^als*•ffiv^fc^^<^^sS'g•sls^ : 
— (I) "C^^tLS^k-^^rt^)-?**. TS: (ii) (^-fb-g-^i*, pge2§^<4: 

6 



PCT/JPOO/01556 



PCT/JPOO/01556 - - 



WO 00/54808 



:^^l*|!E^[Breyer,R.M. et al.J.Biol.CheiD.269.6163-6169(1994)]lcigl:JX 

J^:=^:7kv^^-<y 7r— (lOmM MES (pH6. 0) . 1 0 mM MgCla. 
ImM EDTA) -e#jhL. mST. mi^VXU^Lfz SH-PGEa^- 

KdffifcBma x-(il*. -^^Z'^-oXS catchard plo t;5=>^^fc 

/cc wn^^m^it. ^mm {5 uM) <Dwm^ p g e 2 (d^^txcou-^ t u 

X^fefco MS^-fk-a-^Jlwi;^ 'H-PGE2$§-&Ba##«0^^l* 'H-PGE 
2 (5nM) ^3J:t;««ci^Yk'g-^>^#a^gS-r^j[niUXff'o/co 
^ti^^b-^^IOM^^^K i (nM) [t^^\zX<0^^fzo 
Ki = I Cso/ ( 1 + ( [C] yKd) ) 




7 



wo 00/54808 



PCT/JPOO/01556 





Mm^^Ki (nM) 
EP4 


(t^^ (II) 


1 9 



mmm2 

^ (II) (D<t^omm^mB:d^h<Dzi=7-^>m^nMiiFmiz-:>\f^x. ts&(o 
mmm (o.45%fbs -i-^^mEmm (id (o^t^m^^m n ^.m m 

, h^VT.^;!--^ V^^SH^iSl (TGF-/S1) ^5ng/iDllc:^jr5J;9l'J!)nx.24Nr 
^ — yv) ^Siricol Collagen Assay Kit (BiocolorSiSta) lC<fc «p^SLyc. 

^ : i.iyg/io:^Miffljiia 
it^^ (II) : o.5/ig/io;j^e«fflia 

8 



wo 00/54808 PCT/JPOO/01556 



9 



wo 00/54808 



PCT/JP00/015S6 - 



1 . ^PT^^y^Vi^vI 2|g^#:$::^^^:J^i:-r5rP7.^':r^Vi^VEP4^ 

7 V V E p 4 ^^^^mm. 



(A) COOR* CC-CR'l*. 

2 ) 1-12 <DiElgT;u^;u$fci*;0^*gc3 ~ i 4 (^:5^i!^t;i^=¥;p 

3) -Z-R^ 

vl C T' Z l*m^flfi^-a- . ^ /= li C . H 2 . T'^ ^ tL -5 aiS * /c li^il^ T;!-- 
^^V-C$>t9^ tl*l~6(DM^*-;^b. Rn*ig?^^3-1 2O^^^PT;^^;^ 
^/z^*R*<0 1 ~ 3 3-12 ^ P t;i^^;u"CS^ "9 ^ 




(I) 



10 



wo 00/54808 PCT/JP00/D1556 



4) - (CHzCHzO) „CH3 

5) -Z- Ar ' 

yf-)i^. 2-try>?;i^. 3-tryi^;p. 4-tryv?;p, a-7';;p. j8-7»;;p 

;Udif-;p, —ho. yTy. jplN^v'x 7i— p-T-fehT^K 
^VXr^K. -CH = N-NH-C ( = 0) -NH2. -NH-C (=0) -P 
h. -NH-C (=0) -CH3^/=l*-NH-C ( = 0) -NH2-r$>5*>«5!)) 

6) -CrHatCOOR* 

7) -C.HatN (R*) 2 

>::c-eCtH2t. Rniiirie^atci^i;. 

8) -CH (R') -C ( = 0) -R" 
cc-cRn*7lc#*fcii^vV-f;u. RUty^L-)^^ p-^p^^^ 

— p --jZDD^airi;!^, p-tf7j:=.;Ux p - zi h a 7 — ;i^x P -'<VX 

9) -CpH2p-W-R" 

C^-Cs W«-CH = CH-, -CH = CR'-^:^li. -CHC-X- 

10) -CH (CH2OR*) 2 

(B) -CH2OH 

(C) -C ( = 0) N (R^) 2 

11 



wo OD/54808 PCT/JPOO/01556 



tmm) . mmmi -^12 <DT^ji^^)i^^ti\t- so 2R"'^^t>L. R'^itmm 

(cci-r-mSttJilB (A) 5) com^tmm) . ^^S7~i 2(3!)t^;p 
^a*D-r*i-&i*^&<3D Rn* - s o 2 R ' '•-T?i*^VN'b CO -r-s . S/cl*. 

(D) -CH2OTHP (THPW:5rh^t Kne^-;!'^) •^$>«9. 
Al*. 

1) - (CH2) »- 

2) -CH = CH-CH2- 

3) -CH2-CH = CH- 
4 ) -CH2-O-CH2- 

5) -CH = CH- 

6) -0-CH2-Sfcl* 

7) -CHC--e$>>). 

-X-C (R^') (R**) OR'" 

1) -CH2-CH2- 

2) -CH=CH- 

3) -CHC--e$>«9. 
R'^i. 

1 ) mmik 1 ~ 1 2 <7)a:^T;u#;p. j5^^^3 ~ 1 4 (D^i^TJi^^ji'^fz 

12 



wo 00/54808 PCT/JP00/01S56 



2) -Z-Ar' 

3) -C.H2.OR'* 

c c-e c X H 2 X i*l5sfi^#ic^ c . R » * 1-6 (ommrjv^ji^ 

4) -Z-R' 

cc-cz. RniKrie^^icf^Cv sfct*. 

5) -CtH2t-CH = C (R'**) R^^ 

6) -CuHau-CHC-R'" 

*-**dL. R'n*jg^0Scl~6oii:^T;u^;u«'^tDl.. 
El*, im. $fct*-OR'' 

(wC-cRnMia^at^i^ii) ^-^^^t. 

4. A;d«- (CH2) 2-, -CH = CH-*fct*-0-CH2--e$>5ff*3S3|B 

13 



wo 00/54«08 



PCT/JP00/01S56 



5 . l»^^lJ^J^V^L45eiS<^)7•^7.3^^^V^xvEP4^^#:f^ffi^^^^^di)• 



(A) COOR* CCT'Rn*. 

2 ) 1-12 <7)ii:^T;u^;i'^yci*^^Sc 3 ~ i 4 (^^f^T;i^^;u 

3) -Z-R' 

:3fU'V-e$>«9 ^ t l*l~6£OM^5^^L. Rn*Jg5^^3~l 2<^)i/^nT;i'=3e;u 




(I) 



14 



PCT/JP0OA)15S6 - - 



WO 00/54808 



^ifcttR" <^ 1 ~ 3 m-^mm-^titzmmiSL 3-12 omi^iy ^nT)i^^jw$> «9 . 

R* lt7i(.m^tzltmi^WL 1-5 a>T}V^)V. 

4) - (CH2CH2O) „CH3 

5) -Z-Ar ' 

y'f-)v. 2 - tr y 3 - if y 4 - 1: y a - -7 y ;^^ ^ - 7 y ;i/ 

'tUS©:^^. 37 v^, 3«t;^. hy 37;u;j'n;,t5';u, jg^^l^ 1 --4 (DT 

'OXT^K. -CH = N-NH-C ( = 0) -NH2. -NH-C ( = 0) -P 
h. -NH-C ( = 0) -CH3*fcl*-NH-C ( = 0) -NH2"e$)5 

6) -CtH2xCOOR* 

7) -CxHs.N (R*) 2 

8) -CH (R**) -C ( = 0) -R' 
cc-^Rn**^^fci*^:^V-f Rniy'oi^;!^. p -rn^y^^ 

9) -CpHsp-W-R' 

Wtt-CH = CH-, -CH = CR'-Sfct*. -CHC--C 

10) -CH (CHzOR*) 2 

c -e R " t*jg^#gt 1 ~ 3 0 © T;b $ i±t , 

(B) -CH2OH 

(C) -C ( = 0) N (R^) 2 



15 



wo 00/54808 PCT/JP00/015S6 



;U'r;u^U'V. 7i-;i'> (ccx-a^SttiiB (A) 5) om^ 

-}v (cc-eli^Si*±BB (A) 5) ©t^-^fci^^) . ^mWii '^i2a>T^}\^ 
2r3©Rn*[^— -e'bMn^^o-cv^t:fcJ;v^*{. — j^^t-sOaR'" 
*-^*D-rti-&i*#©Rn±-so2R'«»-ei±fjrVN'b<35fc-r5> ^fci±. 

(D) -CH2OTHP (THPl*7^h^kKcnf^^;i.S) -^$>»?. 
Al*. 

1) - (CH2) 

2) -CH = CH-CH2- 

3) -CH2-CH = CH- 

4) -CH2-O-CH2- 

5) -CH=CH- 

6) -0-CH2-i^l* 

7) -CHC--e$>9. 

CC-C. ml*l;5^ib3<0^|g($-^L, 

-X-C (R>') (R'^) OR'^ 

1) -CH2-CH2- 

2) -CH = CH- 

3) -CHC--e$>9. 
R''l*. 

16 



wo 00/54808 PCT/JPOO/01556 



2) -Z-Ar' 

3) -CtHitOR'^ 

c - -e c t H 2 1 tttsriB^#tc R ' * lijg^^ic 1-6 omMrji^^ji- 

^H'^dfo^;!^, $fctt. 1-4 <^il^T;u:3e;K3!) 1 ~ 4^-egm^^T-ybi^ 

4) -Z-R* 

c,::-ez, RMiMIB^^l'I^li. 

5) -C.H2t-CH = C (R'") R^* 

6) -C.H2U-CHC-R'' 

$:^tDb. R^n*jg^m^l-6 0EilT;P=¥;i'$r*t)t. 
Et*. 7k^, ^fcli-OR'* 

(cc-eRn*MiB^ajci^i^) ^**dL. 



17 



wo 00/54808 PCT/JPOO/01556 



9. A;^- (CH2) 2-, -CH = CH-S/cl*-0-CH2--efc5ft;*^8BB 



18 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JPOO/01556 



A. CLASSIFICATION OF SUBJECT MATTCR 

Int. CI'' A61K45/00, A61K31/557, A61P43/00, A61P13/12 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

Int.Cl"' A61K45/00, A61K31/557, A61P43/00, A61P13/12 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Kbho 1940-1992 Toroku Jitsuyo Shinan Koho 1994-1996 

Kbkai Jitsuyo Shinan Kbho 1971-1992 Jitsuyo Shinan Toroku Kbho 1996-2000 



Electronic data base consulted during the international search (name of data base and, where practicable, search tenns used) 
CA(STN) , MEDLINE (STN) , EMBASE (STN) ,BIOSIS(STN) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
A 



X 
A 



YU Hisahiro, "Prostacyclin Release by Rat Cardiac 
Fibroblasts Inhibition of Collagen Expression" , 
Hypertension, Vol.30, No. 5 (1997), P. 1047-1053, 
Full text, especially, P. 1048, left column, lines 5-9; 
P. 1050, right colutnn, line 7 to P. 1051, left colximn, line 
7; P. 1052, right column, lines 8-36 

GAIiIiAGHERAnn, "Bradykinin- Induced Reductions in Collagen 
Gene Expression Involve Prostacyclin", Hypertension, 
Vol.32, No.l (1998), P. 84-88, Full text, especially, 
lines 9-15 in ABSTRACT; P. 84, right column, lines 1-4; 
RESULTS 

KIRIYAMA Michitaka, "Ligand binding specificities of the 
eight types and subtypes of the mouse prostanoid receptors 
expressed in Chinese hamster ovary cells", Br. J. 
Pharmacol., Vol.122, No. 2 (1997), P. 217-224 



5 
1-4 



5 
1-4 



1-5 



I I Fuzther docimients are listed in the continuation of Box C. patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the an which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international filing **yC* 

date 

"L* document which may throw doubts on priority cbim(s) or which is 

cited to establish the publication date of another citation or other "Y** 
special reason (as specified) 

document referring to an oral disclosure^ use, exhibition or other 
means 

"P^ document published prior to the international filing date but later 
than the priority date claimed 



later document published after the international filing date or 
[mority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed mvention cannot be 
considered novel or cannot be considered to involve an invoitive 
step when the document is taken alone 

document of particular relevance; tiie claimed invention cannot be 
considered to involve an inventive step when die document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
05 June, 2000 (05.06.00) 



Date of mailing of the intemational search report 
13 Jtine, 2000 (13.06.00) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Foitn PCT/ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



Intemation^ application No. 

PCT/JPOO/01556 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This international search report has not been established in respect of certain claims imdcr Article 17(2Xa) for the following reasons: 



1. ^ Claims Nos.: 6-9 

because they relate to subject matter not required to be searched by this Authority, namely: 

The subject matter of claims 6-9 relates to a method for treatment of the human 
body by therapy, which does not require an international search report by the 
International Search Authority in accordance with PCT Article 17(2) (a) (i)emd 
Rule 39.1 (iv) . 

2. S Claims Nos.: I 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful imemational search can be carried out, specifically: 

Although the term "Prostaglandin 12 derivative" involves various compounds, 
use of the word "derivative" makes it unclear what particular constituents are 
involved therein or not. Therefore, the International Search camnot be fully 
practiced on the corresponding claims. 

3. Q Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 
Box II Observations where unity of invention is lacking (Continuation of item 2 of flrst sheet) 
This Intemationai Searching Authority found multiple inventions in this international application, as follows: 



1 . \^ As all required additional search fees were timely paid by the applicant, this intemationai search report covers all searchable 



claims. 



2. 



□ 



As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



□ 



As only some of the required additional search fees were timely paid by the applicant, this intemationai search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



4. 



□ 



No required additional search fees were timely paid by the applicant Consequently, this intemationai 
search report is restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest Q The a<iditxonal search fees were accompanied by the applicant's protest 
rn No protest accompanied the payment of additional search fees. 
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